Objective: To assess the prevalence of obesity, overweight (including obesity) and thinness in children of the city of Florianopolis (southern Brazil). Design: Cross-sectional study. Subjects: Representative sample of 7-10-y-old schoolchildren of the first four grades of elementary schools (1432 girls, 1504 boys). Methods: Measurements of weight, height and triceps skinfold thickness (TSF) were taken following standard techniques. The body mass index (BMI) was computed as weight/height 2 . Nutritional status was defined using two references: (1) the Must et al reference for BMI and TSF to define thinness, overweight and obesity (5th, 85th and 95th percentiles, respectively); (2) the International Obesity Task Force (IOTF) BMI cutoffs to define overweight and obesity. Results: Using BMI, according to the Must et al, and IOTF references, the prevalence of obesity was 10.6 and 5.5%, respectively; overweight (including obesity) affected 26.2 and 22.1% of children, respectively. According to the Must et al reference, the prevalence of thinness was 3.2%. Using TSF rather than BMI, according to the Must et al references, fewer children were classified as obese (8.0%) or overweight (20.2%) and more children were classified as thin (4.9%). Conclusion: This study supports the previously reported high frequencies of childhood overweight and obesity in developing countries. The data allow comparisons with other studies carried out in Brazil and other parts of the world.
Introduction
Countries with different levels of socioeconomic development are facing considerable increases in obesity among children and adolescents (World Health Organization -WHO, 1998) . For example, in the last two decades, the prevalence of overweight in childhood and adolescents tripled in Brazil and almost doubled in the United States; in the last decade, it increased by one-fifth in China, but decreased in Russia . Most studies in Latin America have reported that the prevalence of obesity among preschool children remains low, while among schoolchildren it has increased considerably (Kain et al, 2003) . An increasing prevalence of overweight and obesity has also been reported in children from various European countries (Kalies et al, 2002; , and the highest prevalence were observed in the eastern and southern part of Europe (Lobstein & Frelut, 2003) . Comparisons across countries are difficult, as the estimations vary according to the definitions and references used (Livingstone, 2000) . In most published studies in Latin America, obesity in children was defined as weight-for-height 42 Z-scores, according to WHO (1995) (Martorell et al, 1998) . The available crosssectional data in Latin America, suggest that there are complex patterns in prevalence that vary with time and different stages of the demographic, epidemiological and nutritional transition of the region (Kac & VelasquezMelendez, 2003) . In many Brazilian regions, the transition has been so rapid that undernutrition coexists with obesity and chronic disease (Doak et al, 2000) .
In Brazil, the most recent studies using representative populations and based on recommended references to define overweight and obesity in childhood, were conducted in south-eastern and north-eastern regions in 1996, 1997 and 1999 (Marins et al, 2002; Abrantes et al, 2003; Anjos et al, 2003) . However, no data are available for the southern region of the country. In this article, we report the results of an epidemiological study in 7-10-y-old schoolchildren of the city of Florianopolis, southern Brazil. Nutritional status (thinness, overweight and obesity) was assessed by both the body mass index (BMI) and the triceps skinfold (TSF) thickness. Overweight and obesity, using BMI, were defined according to two references, in order to allow valuable comparisons with other studies. Data from Flo-rianopolis provide a basis for comparisons with other regions of Brazil and with more developed countries, since this city has one of the highest Human Development Index (HDI) of the country (IPEA, 2002) .
Methods
Sample A representative sample of 7-10-y-old schoolchildren of elementary schools in the city of Florianopolis was selected using a stratified two-stage cluster sampling design. Florianopolis is the capital of the province of Santa Catarina, in the south of Brazil. The city has a total area of 433 km 2 ; its demographic density is 760 hab/km 2 ; the population is 369 102 inhabitants (urban 94.1%); life expectancy at birth is 72.8 y; infant mortality rate is 18.5/1000 live births (IBGE, 2002; IPEA, 2002) .
The study was conducted from September to November 2002 according to the protocol proposed by the European Childhood Obesity Group (ECOG) (Lehingue, 1999) . Sample size was calculated considering 10% overweight prevalence and 95% confidence limits. The sampling error was 2.0 and the design effect 2%. The 10% overweight prevalence was reported in Brazilian children, according to the definition of the International Obesity Task Force (IOTF) BMI cutoff values (Abrantes et al, 2003) . The population of schoolchildren attending the first four grades of elementary schools (28 395 children) was obtained from the National Education Authority database (http://www.inep.gov.br/basica/censo/ cadastroescolas). Public and private elementary schools were first stratified by geographic area and then randomly selected from a list of schools within each area, with probability weight proportional to the size of the school. In each school selected, all classes were included and all the children attending the first four grades were invited to participate, but only 7-10-y-old children were included in this study. Sampling weights were calculated taking into account the unequal probabilities of selection between private and public schoolchildren, resulting from the stratified sample design. These sample weights were used for all prevalence estimates. Elementary school is obligatory in Florianopolis and nearly all 7-10-y-old children attend the first 4 years of school.
Of the 3522 children attending the first four grades of elementary schools, 209 were eliminated because they were not in the age range of the protocol (o7.0 and 410.0 y old), and 377 because of missing data (child absent or ill; child refused to participate). Information included anthropometric data (height; weight; triceps, subscapular, suprailiac and medial leg skinfolds; arm, waist and hip circumferences) and two questionnaires. The children's questionnaire was an illustrated paper instrument used to obtain information about their habitual physical activities and food choices. The parents' questionnaire gave information about themselves (anthropometric and sociodemographic data) and about the child (eating and physical activity behavior). Of the 2936 children eligible for the study, 2334 parents completed the questionnaire (response rate: 79%). Socioeconomic status was available for 2320 subjects. However, there was no significant difference for age (9.0 vs 8.9 y; P ¼ 0.09), weight (31.5 vs 31.4 kg; P ¼ 0.67), BMI (17.4 vs 17.3; P ¼ 0.52), and TSF (12.1 vs 12.0; P ¼ 0.79) between subjects for whom information on socioeconomic status was known and the others. The present article, only addresses the children's measurements of height, weight and TSF.
Parents gave written informed consent to their child's participation in this study, which received approval from the Committee on Human Studies of the Federal University of Santa Catarina.
Anthropometric measurements and nutritional assessment
We selected the BMI and TSF to assess nutritional status. The administrative department of each school provided information on age and gender. Anthropometric measurements were performed in each school by a team of five physical education teachers, trained on the measuring procedures (WHO, 1995) .
Measurements of weight and height of participants were taken following the standard techniques recommended by Lohman et al (1988) . Anthropometric measurements were performed in lightly dressed children, without shoes, during the morning (n ¼ 1497) or the afternoon (n ¼ 1439), depending on the school schedule of the child. There was no significant BMI difference between the children who attended school in the morning period and those attending school in the afternoon (17.472.8 vs 17.372.7 kg/m 2 ; P ¼ 0.16).
Weight was measured with a digital-solar 180 kg scale (MARTE, model PP). Height was measured using a metric tape fixed to a wall without a baseboard, with the child standing up, weight being equally distributed on both feet, with the head held in the Frankfort plane and head back and buttocks on the vertical land on the height gauge. TSF was measured in triplicate at the midpoint between the acromial process and olecranon, on the posterior surface of the right arm with a Cescorf skinfold caliper to the nearest 1.0 mm. The mean of the triplicate measures was used in the analysis. The BMI was computed as weight in kg divided by height in m 2 , and TSF was expressed in mm.
Analysis
Statistical analyses of the nutritional status were performed in 2936 children (65.1% from public schools) with complete information on age, school level, weight, height and TSF. For BMI, two references were used in order to classify the children: (1) the references computed on the basis of the data set collected by the NHANES I survey (1971) (1972) (1973) (1974) , published by Must et al (1991) , recommended by the World Health Organization (WHO, 1995) for persons aged 9-24 y, but available from the age of 6 y; and (2) the references proposed by the IOTF, based on data from six countries, including Brazil, Great Britain, Hong Kong, the Netherlands, Singapore and the United States (Cole et al, 2000) .
For both BMI and TSF measurements, we defined obesity and overweight including obesity, from the 95th and 85th percentiles up of the Must et al references, respectively, and thinness from the 5th percentile down (WHO, 1995) . The IOTF provides BMI cutoff values based on percentiles passing through BMI 30 kg/m 2 (C30) or 25 kg/m 2 (C25) at age 18 y to define obesity and overweight, respectively. In the present paper, the data are presented for 12-month age groups; however, 6-month age interval IOTF cutoffs were used to classify subjects into BMI categories. Four age groups were defined as follows: 7 y old (7.0-7.9 y), 8 y old (8.0-8.9 y), 9 y old (9.0-9.9 y) and 10 y old (10.0-10.9 y).
Quantitative data are presented as means with standard deviations and median. Gender and age differences in BMI and TSF were tested by analysis of variance (ANOVA). Post hoc differences across age groups were tested using Bonferroni's test. Frequency data are given as percentages. Overall frequencies of obesity, overweight and thinness were computed by using direct standardization on age and gender. Comparisons of frequencies between ages or between genders were performed using the Mantel-Haenszel method and the w 2 test. The significance level was set at Po0.05. Data were analyzed with SPSS 10.0 for windows (SPSS Inc., 1999) .
Results Table 1 provides a comparison between the study population and the Brazilian average population for socioeconomic characteristics. The socioeconomic indicators showed that the population of our study presented better living standards in comparison with the Brazilian population. The prevalence of obesity, overweight including obesity and thinness was estimated in 2936 children. The sample included 1432 girls (48.8%) and 1504 boys (51.2%). The 7-y-old group included 22.7% of children (22.9% girls and 22.5% boys), the 8-y-old group, 26.3% (27.2% girls and 25.5% boys), the 9-y-old group, 27.3% (26.3% girls and 28.2% boys) and the 10-y-old group, 23.7% (23.6% girls and 23.7% boys). Table 2 shows means, standard deviations and medians for height, weight, BMI and TSF according to gender and age. Height, weight, BMI and TSF increased with age in both sexes. Mean BMI values were higher among boys compared to girls in all age groups, reaching statistical significance in those aged 8 y. Mean values of TSF were significantly higher for girls than for boys in all age groups.
A stratified analysis performed between children attending public and private schools, showed no significant differences in the prevalence of obesity (10.6 vs 10.5%, P ¼ 0.94), overweight including obesity (24.3 vs 29.9%, P ¼ 0.051) and thinness (3.4 vs 3.0%, P ¼ 0.89), using the Must et al, BMI references.
Age, gender standardized frequencies of obesity, overweight nonobese, normal weight and thinness, estimated using the BMI (Must et al and the IOTF references) and the TSF (Must et al) are presented in Figure 1 . Frequencies of BMI and TSF status categories (obese, overweight including obesity and thinness) are given by reference, gender and age in Table 3 . As a rule, using Must et al BMI cutoffs, obesity and overweight frequencies decreased with age, while thinness increased. The trends were less clear using IOTF cutoffs and skinfold measurements. For obesity, overweight and thinness frequencies, as a rule, no clear gender differences appeared, except for obesity frequencies using TSF, with higher values in boys. Age groups were defined as follows: 7 y (7.0-7.9 y old); 8 y (8.0-8.9 y old); 9 y (9.0-9.9 y old) and 10 y (10.0-10.9 y old). *Significant difference between genders in a given age group, Po0.05 (ANOVA). 
References
Figure 1 Age-and sex-standardized frequencies of obesity, overweight nonobese, normal range and thinness in 7-10-y-old girls (n ¼ 1432), boys (n ¼ 1504), and boys and girls (n ¼ 2936) assessed on the basis of three references, in Florianopolis (southern Brazil).
Discussion
This study, conducted in 2002 in 7-10-y-old southern Brazilian children, supports the previously reported high frequencies of childhood obesity and overweight and low frequency of thinness, in developing countries undergoing the nutritional transition Kain et al, 2003; Popkin, 2004) . Some limitations of our study have to be considered. First 377 eligible children were eliminated because of missing anthropometric data. The excluded children may have had different characteristics from those included in the present sample. However, the final sample with complete anthropometric data (n ¼ 2936) was within the criteria of a representative sample of public and private 7-10-y-old schoolchildren in the city of Florianopolis in 2002. Attendance to public or private schools may have affected the prevalence of BMI categories, but no significant differences were observed between children attending the two types of schools. As, children attend school either in the morning or in the afternoon in Florianopolis, children were not all weighed at the same time of the day. This might have resulted in weight variations; however, the measurements obtained in the morning or in the afternoon were not different. Another limitation of this city survey is that it is not representative of the larger region of southern Brazil. Owing to the great variations in economic status of the country, it is worthwhile to obtain information on the prevalence of nutritional status in different parts of the country. The prevalence recorded in this study can be compared with prevalence recorded in other parts of Brazil and in other countries.
The results of this study showed that overweight and obesity affected a high percentage of children, whatever the reference or indicator used. BMI overweight (including obesity) frequency was higher using the Must et al reference (26.2%) than the IOTF reference (22.1%). The same trends were observed by Flegal et al (2001) in US children and by Rolland-Cachera et al (2002) in French children. The higher prevalence of overweight using the Must et al, as compared to the IOTF reference, was mainly accounted for by the contribution of obesity (5.5 and 10.6% respectively), while the prevalence of overweight-non-obese children did not differ markedly (16.6 and 15.6%, respectively).
Using TSF rather than BMI, we recorded a lower prevalence of obesity and overweight including obesity (8.0 vs 10.6% and 20.2 vs 26.2%, respectively) and a higher prevalence of thinness (4.9 vs 3.2%). These indexes provide different information, given that the BMI is based on body weight, which includes both fat and lean body masses, and that the TSF thickness reflects subcutaneous fat. Other studies also found that BMI classified more children as overweight and obese than did TSF (Marins et al, 2002; Nú ñez-Rivas et al, 2003) .
Issues regarding the differences in prevalence estimates using different references were discussed elsewhere (Flegal et al, 2001; . In summary, differences may have arisen because of differences in the data set, smoothing methods, approach and BMI distribution of the reference population. Precise information on the reference used is then essential when prevalence data are quoted.
No consistent gender variations for overweight and obesity frequencies were observed and, as a rule, a decreasing trend for overweight and obesity and an increasing trend of thinness by age were observed. Interpretation of these trends is delicate. Flegal et al (2001) recommend that caution Age groups were defined as follows: 7 y (7.0-7.9 y old); 8 y (8.0-8.9 y old); 9 y (9.0-9.9 y old) and 10 y (10.0-10.9 y old).
b Cutoff values defined to pass through BMI 30 kg/m 2 at age 18.
c Cutoff values defined to pass through BMI 25 kg/m 2 at age 18. *Significant difference by age Po0.05 (ANOVA). **Significant difference between genders in a given age group; Po0.05 (ANOVA).
should be exercised when comparisons are made across sex and age because, generally, the reference values will have been constrained to give similar results in each group. References are based on statistical criteria and there is little evidence linking precise cutoffs to health outcomes.
As we used international definitions, and although age ranges can be slightly different, our results can be compared with other studies. In the year 2000, a survey following the ECOG protocol was conducted in France (Rolland-Cachera et al, 2002) . Using the IOTF reference, obesity affected 3.8% of French children as compared with 5.5% in Florianopolis. Overweight, including obesity, affected 18.1% of French children as compared with 22.1% in Florianopolis. According to Must et al references, thinness was present in 6.0% of French children and in 3.2% of Florianopolis children. A review summarizing data from various European countries, using IOTF criteria, showed that the prevalence of overweight lies between 10 and 35% (Lobstein & Frelut, 2003) .
The prevalence of overweight and underweight was compared among four countries: Brazil, China, Russia and the United States . These data allow a comparison with patterns of nutritional status in Florianopolis. Using the IOTF references, the frequency of overweight including obesity in 7-10-y-old children of Florianopolis in 2002 (22.1%) was higher than the frequency reported for 6-9-y-old children from pooled north-eastern and southeastern regions of Brazil in 1997 (17.4%), China in 1997 (11.3%) and Russia in 1998 (10.2%) and was close to the US values recorded in the NHANES III study in 1988-1994 (22.0%) . The frequency of overweight children in Florianopolis in 2002 (23% for boys and 21% for girls) using the IOTF criteria was also higher than in the city of Rio de Janeiro in 1999 for 7-9-y-old children (15% for boys; 17% for girls) (Anjos et al, 2003) .
According to the 5th percentile of the Must et al references, the frequency of underweight in 7-10-y-old children of Florianopolis (3.2%) was lower than the values presented for children from pooled north-eastern and south-eastern regions of Brazil (6.1%), China (9.4%) Russia (8.0%) and was closer to the US values (3.4%) .
The differences between Florianopolis and the above cited population-based surveys in Brazil could be explained by the time period of the study and by the difference in socioeconomic level between the Brazilian regions, especially between the north-eastern and the southern region, the latter presenting better living standards. Socioeconomic differences were also observed regarding the time trend variations in the prevalence of overweight, as between 1974 and 1997, overweight in Brazil increased more rapidly in higher socioeconomic status groups .
In Mexico, the national prevalence of overweight (IOTF reference) in school age children (5-11 y) in 1999 (Hernandez et al, 2003) was reported to be 19.5%. The highest prevalence figures were found in Mexico City (26.6%) and in the north region (25.6%), which are the most socioeconomically developed areas of the country. As in Brazil, the higher prevalence of overweight corresponds to a higher socioeconomic level of the region.
The results of the present study showing high prevalence of obesity and overweight and a low frequency of thinness in schoolchildren of Florianopolis suggest that there is a need for the development of intervention programs at school, focusing on the improvement of physical activity and eating habits. In Brazil, like in other countries confronted with malnutrition, there is a school food supplementation program. Given the increasing prevalence of obesity, it is necessary to evaluate the nutritional quality of meals offered in public schools. In Chile, the programs that focused on undernutrition actually significantly increased the likelihood of obesity (Uauy & Kain, 2002) . A relevant intervention for diminishing the consumption of soft drinks and high-fat ready-to-eat snacks by schoolchildren was made in 2001 by the Florianopolis government, with a law that prohibited the commercialization of such products in schools canteens (www.pmf.sc.gov.br).
In conclusion, the present study showed high prevalence of overweight and obesity in a southern city of Brazil, similar with the values recorded in industrialized countries. Nutritional programs should be adapted to the problems of the targeted population. For this reason, studies like the present one are necessary to provide information on the current nutritional status of children. These data constitute a basis for comparisons between the different parts of the country and for the analysis of the trends in overweight and obesity when new studies will be conducted later on.
